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In September 2021, a volcano erupted on La Palma in 
the Canary Islands. Scientists monitor the volcano at 
all times, so the eruption was expected and residents 

had already been evacuated.
Most of the Earth’s surface, including the sea bed, is 

formed by volcanic action. Some volcanoes are extinct 
and others are dormant, but, at any time, many are 
erupting. Death tolls from volcanic eruptions can be 
high, due to magma explosions, toxic gases, falling 
ash, pyroclastic lava flows (hot, fast-flowing clouds of 
ash) and associated tsunamis and mudslides. However, 
people may choose to live near a volcano because the 
minerals make the soil highly fertile — there was a rush 
to harvest avocados and bananas as the lava moved 
down the hillside in La Palma. 

To monitor a volcano, observatories collect data 
over many years. This establishes a background of 
activity for the volcano when it is stable. Any changes 
in activity indicate instability, which may result in an 
eruption. Patterns of behaviour are recorded before an 
eruption. Scientists can be more confident in predicting 
what will happen based on the last time they saw a 
certain pattern of behaviour.

Seismic activity
A seismometer detects the P waves and S waves generated 
by an earth tremor. The time between the arrival of P 
and S waves, which travel at different speeds, is used 
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volcanoes

to calculate the distance to the tremor. If this is done 
from three different places, the epicentre can be found. 
Figure 1 shows this idea in two dimensions — in 3D, 
the epicentre is at the intersection of three spheres.

In 2017, a small tremor was detected on La Palma, 
20 km below the surface. This was followed by other 
tremors as the magma began to rise. On 11 September 
2021 a series of small tremors began. There were 22 000 
in a week, and they gradually moved closer to the 
surface. Two days before the eruption they were 100 
metres below the ground. Scientists correctly thought 
this was magma pushing upwards. The volcano erupted 
on the 19th.

Carol Tear looks at how 
scientists monitor dormant 
volcanos and predict eruptions
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Useful resource

Video of the eruption:  
https://youtu.be/-151euEk6vQ

The amount of SO2 indicates the amount of magma 
erupting. In September 2021 the volcano was emitting 
between 5000 and 8000 tonnes a day. Later, this 
increased to ~30 000 tonnes per day. Large plumes 
travelled across Europe and north Africa, and to the 
Caribbean. A drop in SO2 emissions signals that the 
eruption is diminishing.

The September eruption was the largest on La Palma 
for more than 100 years. So far it has destroyed over 
1460 buildings and covered more than 10 km2 of land 
in ash and debris, though around 7000 people were 
safely evacuated.

Satellite data

Satellites monitor Earth’s surface, capturing images 
in different wavelength ranges. By comparing radar 
images from different dates, they monitor how a 
volcano swells and deflates.

The European Union has seven satellites monitoring 
the volcano on La Palma:
• Sentinels 1A and 1B orbit 695 km above the Earth. 

Using microwaves with a frequency of 5.405 GHz, 
they measured that the area around the mouth of 
the eruption swelled by 10 cm in the days before 
eruption.

• Sentinels 2A and 2B pass over La Palma every 5 days 
at an altitude of 780 km. They provide images with 
a resolution of 10 metres, and have instruments 
covering 13 different bands of the optical and 
infrared spectra.

• Sentinels 3A and 3B orbit at 800 km. They provide 
lower resolution images, but pass over more 
frequently.

• Also at 800 km, Sentinel 5P monitors atmospheric 
pollutants. It usually measures concentrations of 
nitrogen dioxide (NO2), methane (CH4), carbon 
monoxide (CO) and aerosols. For the La Palma 
volcano, it has been monitoring sulfur dioxide 
(SO2).
Changes in gas composition and emission rate are 

warning signs, and research is ongoing into patterns 
linked to eruptions.

Questions
Calculate the following:
1 The wavelength of the microwaves used to 

image the volcano.
2 The orbital speed of Sentinels 2A and 2B (G = 

6.67 × 10–11 m3 kg–1 s–2, MEarth = 5.97 × 1024 kg,  
rEarth

 = 6371 km).

Figure 2 Seismogram recorded in the UK, showing 
a distant earthquake
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